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Disclaimer

The views expressed in this presentation are those of the 
speaker.

They do not necessarily reflect the “official” views of the 
Food and Drug Administration (FDA).
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Overview
• Use of nonclinical microarray data in drug development

– Efficacy (pharmacogenomics) vs. safety (toxicogenomics) data

• Industry Guidance on Pharmacogenomic Data Submissions (March 
2005)
– Requirements for microarray data submission to FDA (CFR vs. PG 

Guidance)

• Advantages to the use of genomics to test drugs in animal models of 
disease

• Hypothetical drug submission example
– Use of microarray data to monitor drug-induced attenuation of ventricular 

remodeling associated with heart failure in animals

• Possible format for submission of microarray data from animal efficacy
studies

• Conclusions
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Use of Nonclinical Microarray Data 
in Drug Development

• Preclinical models of efficacy using pharmacogenomics:
– What a drug is supposed to do
– “Proof of concept” studies
– Pharmacological mechanism of action
– May be under-utilized in current drug development programs
– Submission of tabulated efficacy data generally is not required (CFR)

• Preclinical safety assessment using toxicogenomics:
– What a drug is not supposed to do
– Active area in drug development
– Used primarily to:

• Screen candidate compounds for toxicity early in drug development
• Provide insights into mechanisms of toxicity
• Predict possible human toxicity
• Reduce cost ($) of drug failures

– Submission of tabulated safety data generally is required (CFR)
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Guidance for Industry: Pharmacogenomic Data 
Submissions (March 2005)

• Submission of pharmacogenomic data during the IND phase:

– “Adequate information about pharmacologic and toxicological 
studies of the drug involving laboratory animals or in vitro, on the 
basis of which the sponsor has concluded that it is reasonably safe 
to conduct the proposed clinical investigations.” (21 CFR 312.23)

– “A sponsor is using the test results to support scientific arguments 
pertaining to, for example, the pharmacologic mechanism of 
action...” (PG Guidance)
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Guidance for Industry: Pharmacogenomic Data 
Submissions (March 2005)

• Submission of pharmacogenomic data during the NDA phase:

– “The [NDA] application is required to contain reports of all
investigations of the drug product sponsored by the applicant, and 
all other information about the drug product pertinent to an 
evaluation of the application that is received or otherwise obtained 
by the applicant from any source.” (21 CFR 314.50)

– “Submit reports of pharmacogenomic test results that constitute 
known valid, or probable valid, [but not unestablished valid] 
biomarkers for physiologic, pathophysiologic, pharmacologic, 
toxicologic, or clinical states or outcomes in the relevant species.” 
(PG Guidance)
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To Submit or Not to Submit: 
That is the Question

• “Companies don’t have to submit any data on nonclinical 
efficacy biomarkers” (J. Woodcock; in Environ. Health Perspect., 
Aug 2004)

• However, compelling scientific arguments can be made to the 
use of genomic data to test drugs in animal models of human 
disease

• Therefore, decision by sponsor to submit nonclinical genomic 
efficacy data should be based on whether such data will 
strengthen their case for further study in humans
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Advantages to the Use of Genomics 
to Test Drugs in Animal Models of Disease

• Characterize a specific disease process and its progression at 
the molecular level

• Monitor attenuation or regression of disease by specific 
therapeutic treatment at the molecular level

• Genomic profiling used in animals to monitor drug treatment of a
specific disease process is only one component of the package 
of primary pharmacodynamic studies submitted in support of a 
drug application
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Advantages to the Use of Genomics 
to Test Drugs in Animal Models of Disease (cont)

• Industry concerns regarding submission of nonclinical efficacy 
data and its use by regulators should not deter conduct of such 
studies if microarray can be used to support specific scientific
arguments

– Case Example: Treatment (or attenuation) of ventricular 
remodeling associated with heart failure in an animal model
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Attenuation of Ventricular Remodeling 
Associated with Heart Failure

• Brief background on heart failure in humans

• Maladaptive responses of a failing heart
– Myocardial hypertrophy
– Ventricular remodeling
– Possible role of matrix metalloproteinases

• Attenuation of ventricular remodeling with specific treatment

• Usefulness of microarray data to first characterize a specific 
disease process, then monitor therapeutic attenuation of that 
disease using appropriate animal models
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Heart Failure (HF)

• HF develops when the heart fails to pump sufficient blood to 
supply the metabolic needs of the body’s tissues

• Results in significant mortality and morbidity
– In U.S., annual health care cost exceeds $30 billion annually

• HF represents a common final-stage of a complex disease 
process with several possible etiologies:

– Prolonged increases in blood pressure or volume
– Mutations resulting in various familial forms of cardiomyopathies 

(e.g., dilated and hypertrophic)
– Loss of myocytes due to exposure of toxic substances (e.g., 

doxorubicin)
– Altered cardiac rhythm or conduction disturbances
– Ischemia resulting from coronary artery disease or myocardial 

infarction (most common)
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Animal Models of HF

(From: Hunter JJ et al., “Molecular and Cellular Biology of Cardiac Hypertrophy and Failure”, Ch. 
9, in Molecular Basis of Cardiovascular Disease, Chien KR (Ed.), WB Saunders Co., 1999.)



7

www.diahome.org

Gene Expression Studies 
from Failing Human Hearts

• Transcription profiles indicate possible genomic 
markers or molecular pathways in human HF:
– Failing vs. non-failing hearts
– Ischemic vs. non-ischemic cardiomyopathy
– Dilated vs. hypertrophic cardiomyopathy

• Gene expression changes in human HF shown to be 
partly reversible following mechanical support with 
temporary ventricular assist device (Hall JL et al., 
2004)
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Differentially-Expressed Genes:
Failing (F) and Nonfailing (NF) Human Hearts

(From: Tan FL et al., PNAS 2002; 99:11387-11392.)
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Differentially-Expressed Genes (partial list):
Ischemic (ICM) vs. Non-Ischemic (NICM) Cardiomyopathy 

in Humans

(From: Kittleson MM et al., Physiol. Genomics 2005; 21:299-307.)
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Differentially-Expressed Genes (partial list):
Dilated Cardiomyopathy (DCM) 
vs. Non-Failing Human Hearts

(From: Hwang J et al., Physiol. Genomics 2002; 10:31-44.)
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Differentially-Expressed Genes (partial list):
Hypertrophic Cardiomyopathy (HCM) 

vs. Non-Failing Human Hearts

(From: Hwang J et al., Physiol. Genomics 2002; 10:31-44.)
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Differentially-Expressed Genes (partial list):
Before vs. After Mechanical Unloading 

in Failing Human Hearts

(From: Hall JL et al., Physiol. Genomics 2004; 17:283-291.)
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Adaptive Mechanisms in HF to Maintain 
Pumping Function

• Myocardial hypertrophy to augment mass of contractile tissue
– Complex intracellular signaling pathways
– Suitable for microarray and pathway analysis of transcriptional 

profiles

• Increased release of catecholamines to enhance contractility

• Activation of the renin-angiotensin-aldosterone system to 
maintain arterial pressure

• In short-term, adaptive mechanisms in HF can be effective in 
maintaining normal cardiac function

• In long-term, heart’s ability to compensate is finite, and these 
adaptive processes often result in adverse consequences (i.e., 
ventricular remodeling)
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Ventricular Remodeling

• Adverse adaptive response following myocardial injury (e.g., 
infarction)

• Response initially adaptive:
– Cardiac hypertrophy, fibrosis, and degradation and deposition of

extracellular matrix components

• Progressive remodeling becomes a maladaptive process 
leading to significant morbidity and mortality:
– Collagen important for mechanical stability of heart degraded by

increased matrix metalloproteinase (MMP) activity
– Replaced by fibrous intercellular deposits of poorly-linked collagen
– Leads to weakening and dilatation of left ventricular (LV) wall
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Role of Matrix Metalloproteinases (MMP)
in Heart Failure

• Studies have shown increased protein expression and activation of 
MMPs (e.g., collagenases and gelatinases that are transcriptionally 
regulated by various inflammatory cytokines, hormones, and growth 
factors) during myocardial remodeling processes:

– ACE inhibition suppressed increase in MMPs and prevented LV dilatation 
and systolic dysfunction in Dahl salt-sensitive rats with hypertensive HF 
(Sakata Y et al, 2004)

– Significant induction of MMPs in local region of infarction induced by 
coronary artery ligation in sheep (Wilson EM et al., 2003)

– TNF-α contributes to myocardial remodeling through induction of MMPs,
and TNF- α blocking protein attenuates remodeling in a chronic pacing 
model of HF in dogs (Bradham WS et al., 2002)

– Increased MMP protein in hearts and blood from humans with recent MI or 
with HF (Jones et al., 2003; Polyakova V et al., 2004)
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Role of Matrix Metalloproteinases (MMP)
in Heart Failure

• Overall, these studies suggest:

– A possible mechanistic explanation for role of MMPs in HF and 
their transcriptional regulation by inflammatory cytokines, 
hormones, and growth factors

– Targeted pharmacological inhibition of MMPs (or their upstream 
transcriptional regulators) might have beneficial effects on 
attenuating the adverse ventricular remodeling process that follows 
MI

– Microarray data including pathway analysis (e.g., hypertrophy, 
MMP expression, and fibrosis in HF) offers the possibility to monitor 
progression of HF, remodeling, and its attenuation with drug 
therapy in animals

• Such data are difficult to obtain from human hearts
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Example of Pathway Analysis:
Transcriptional Regulators of MMP

(Courtesy: Adriadne Genomics; Rockville, MD)
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Possible Format for Submission of Microarray Data 
from Animal Efficacy Studies

• Tables of genes with statistically significant
alterations in expression (i.e., differentially-expressed 
genes):
– Gene variables include:

• Gene name
• GeneBank accession number
• Gene function or role in cellular pathway, if known

– Paired mean fold-change between:
• Normal vs. diseased animals (i.e., for characterizing disease)
• Treated vs. untreated diseased animals (i.e., for monitoring 

treatment)

• Figures of pathway analysis, if relevant
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Conclusions
• Use of efficacy (i.e., pharmacodynamic) genomic data in 

animals can provide strong scientific support for further drug 
development in humans
– “Proof of principle” studies
– Pharmacological mechanism of action
– Specific therapeutic treatment is acting on specific molecular 

pathway(s) associated with specific disease process

• Decision by sponsor to submit nonclinical genomic efficacy data 
should be based on whether such data will strengthen their case 
for further study in humans

• Refer to Pharmacogenomics Guidance (March 2005) for specific 
submission requirements (i.e., complete vs. abbreviated reports,
or study synopses) and for information regarding VGDSs


